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Neo-classical corrections for particle diffusion are small in the Reversed Field Pinch (RFP) US-Japan JIFT workshop, Madison, June 2013
• Low magnetic fields, B T ≃ B P , low safety factor (q < 1)
• ∇|B| is mostly normal to the magnetic flux surface, pointing to the magnetic axis
• Reduced field-line connection length & banana width
• banana width < gyro radius Classical diffusion sets the lower limit in perp. transport.
RFP performance has historically been limited by magnetic turbulence
US-Japan JIFT workshop, Madison, June 2013
• Multiple coupled resonant modes result in quasi-periodic sawtooth events, field-line stochasticity. • Poor energy confinement (τ E ≤ 1ms, χ e ∼ 10 2 − 10 3 m 2 /s), transport is predominantly stochastic. • Charge exchange process 
Experimental results
Radial profile of impurity density evolves to a stationary hollow shape in PPCD. • Decay of core impurity density concurrent with increase at the outer region -impurity expulsion from the core.
US
• Approaching a stationary hollow profile towards the end of PPCD.
Hollow profile and core decay are observed for other dominant impurities as well. • Measurements made at high current (I p ∼ 500 kA) to access higher charge states of aluminum.
• Included in the transport model to account for ion-ion collisions.
Analysis using collisional transport
Impurity flux due to classical collisions predicts hollow equilibrium profile for carbon US-Japan JIFT workshop, Madison, June 2013
• Flux due to main ion -impurity collisions
• Equilibrium impurity density profile
• ∇n i leads to accumulation 
β -Deuterium and other dominant impurity ions
The spatial and temporal evolution of the carbon density is modeled for a given initial radial profile using the diffusion equations, • Initial profile evolves to a stationary hollow profile in 30-40 ms.
• The model profile agrees well with the experimental profile, both in magnitude and shape.
A tokamak plasma with MST parameters would lead to a peaked profile. [M. R. Wade et al., Phys. Rev. Lett. , 84, 2000] LHD "Impurity hole" develops after carbon pellet injection, inconsistent with neoclassical prediction. [M. Yoshinuma et al., Nucl. Fusion, 2009] When magnetic fluctuations are suppressed, impurity expulsion and a hollow impurity profile are 'natural consequences' in the RFP. • 1 mm diameter, 1-2 mm long methane pellets are injected at a speed of ∼200 m/sec
US

Methane pellet injection experiments
• Impurity decay time is obtained by exponential fit
• Pellet injection increases the plasma density, which affects the PPCD-induced fluctuation suppression.
• Exposes sensitivity of decay time (τ carb ) onB • When tearing modes are suppressed, impurity density profile is hollow in the RFP and impurities are expelled from the plasma core.
• Favorable implications for impurity removal in a RFP fusion reactor.
• The hollow profile and the expulsion are explained by classical transport theory.
• Hollow profile is due to "temperature screening"
